Among several types of ceramic membrane developed for a half of century, alumina is the most extensive advantage. In this study, many types of alumina with different particle size distributions were used as a starting material for fabrication of support sheet ceramic membrane using extrusion process. The investigation focused on the alumina dough components composed of some organic binders and water. The organic binder of about 12 wt. % was required in order for dough to be easily extruded, while the amount of water added to the dough depended on the particle size of alumina powder. The particle size and size distribution of starting powder showed strong effects on pore size of sintered alumina support. The pore size decreased when smaller particle size of starting powder was used. In addition, the pore volume of the sintered alumina decreased with increasing the sintering temperature due to improvement in densification, while pore size remained the same. The mechanical strength of alumina supports was also influenced by the particle size of starting powder; the finer particle size resulted in the higher mechanical strength. However, in order to obtain a good flux for the membrane, a high mechanical strength of the support along with its effective porosity is critical concerns. In this work, the support sintered at 1450°C provided a proper porosity of approximately 40% with an acceptable mechanical strength of 30-45MPa.
Introduction
The ceramic membranes have been widely used for the separation of particles from liquid in a number of industrial processes such as water purification and filtration, clarification and sterilization of beverages, concentration of protein of food and dairy industries and so on. Generally, the ceramic membrane is built up of multi-layer and used in both industrial application and laboratory research (1) . The membrane is fabricated on a porous support that is a few millimeters thick, with pore size in the range of 1-10 µm. When the separation process takes place at the top layer, the support that has suitable porosity is likely to give a good flux and provide mechanical strength to the membrane (2) . The certain separation ability is result from the appropriate pore size and pore size distribution (3) .
Besides, the porosity in each membrane layer controlling the permeability depends strongly on the microstructure of the porous ceramic support (4) . Therefore, the preparation of membrane support has focused on the interested particle size of starting powders, their size distributions and also the sintering condition that are necessary to control the size, distribution and microstructure of the pores to improve the permeability (4) (5) . The mechanical strength of the sintered ceramic is usually directly related to the density of ceramic, i.e. dense ceramics are generally stronger than porous ceramics. If they are dense enough to give high mechanical strength, they are low permeability and efficiency. Nevertheless, the mechanical strength can be improved via controlling microstructure of the porous ceramic (6) (7) (8) .
The popular ceramic membrane figures are the tubular and honeycomb structure due to a large membrane area is obtained in a small volume. Sheet membrane is not as common as the tubular shaped one, but a large membrane area can be achieved by stacking sheet membrane. The conventional methods used to form ceramics membrane such as slip casting (9) , tape casting (5) , and hot pressing (10) are slow and laborious. Moreover, some of the prior ceramic sheet materials are difficult to prepare in a continuous process. The green bodies are often fragile and difficult to handle because they lack of strength in the wet state, and also most are not flexible enough. Extrusion process has been widely used for forming various ceramic materials because it avoids problems such as difficulties in mass production, and control of the porosity and pore size. Extrudable pastes can be considered as a mixed component system containing a ceramic powder, binder, and liquid phase. Traditionally, ceramics have made use of clay mixed with water to modify rheology. More recently, polymer solutions, and gels have been used as organic binder (11) (12) (13) (14) .
In this research, the alumina supports were fabricated using the extrusion process. The alumina powder was mixed with organic binders and kneaded in order to form pores and allow alumina extruded with ease. The porosity, pore size and distribution and mechanical strength of extruded alumina support were evaluated.
Experimental procedures
Three types of alumina powder including AL-45 (Showa Denko, Japan), AMS-9 (Sumitomo Chem., Japan) and AL-45-M were used as a starting material. The AL-45-M powder was prepared by milling AL-45 powder in a ball mill for 72 h. The particle size distribution of alumina powders were performed by a laser light scattering technique (Marvern Mastersizer S version 2.19). The results are shown in Fig. 1 Alumina powder was mixed with 6-12 wt. % organic binders and 18-22 wt. % distilled water to achieve the homogeneous and consistent dough texture using a high speed mixer (MHS-100, Japan). After subjecting to a triple roll mill (80-80s/120-120s, EXAKT, Germany), the homogeneous alumina dough was fed into the vacuum kneader and extruder (FM-30-1, Miyazaki Iron Works, Japan). The extruded sheet samples were dried at room temperature. The sintering conditions were studied in the temperature range of 1350°C to 1550°C for 2 h. The apparent density and porosity of the sintered samples were measured by Archimedes' method using water. The average pore size (pore diameter) and its distribution were measured by mercury instrusion porosimetry (Quantachrome Instruments). The microstructure evaluation was carried out by SEM (JEOL, JSM5410, Japan) at 15 kV after Au-coating. Flexural strength was determined via four-point bending test (Universal Testing Machine Model 4502) on the sintered specimens with dimension of ~10×50×1 mm with a span length of 20 mm and a crosshead speed of 0.5 mm/min. The average strength was obtained from measurements of 10 samples.
Results and Discussion
All alumina sheet supports were prepared by mixing alumina powders with different amount of organic binder and water to determine their optimum amount required for successful extrusion. The objective is to obtain proper dough with uniformity and to retain it during handling and die filling. The binder and water have to be presented in the mixture in the right quantity to yield an appropriate level of fluidity and stickiness. The extrusion was carried out on various dough mixers as illustrated in Table 1 . --2  100  8  20  hard  --3  100  10  22  proper  success  crack  4  100  12  22  proper  success  success  AL-45-M 1  100  8  18  hard  --2  100  10  20  proper  success  crack  3  100  12  20  proper  success  success  AL-45  1  100  10  18  proper  success  crack  2  100  12  18 proper success success
The various amount of the organic binder used is calculated as the percentage of total weight of alumina. Since the organic binder was completely burned out during sintering, therefore only alumina with different porosity remained in the sintered product. From Table  1 , it was confirmed that the amount of binder plays a critical role on the extrusion. The dough containing small amount of binder in the range of 6-8 wt. % were too hard to pass the die. The grayish alumina sheet obtained as a result of the damage occurred on wall of the die and extrusion machine (Fig. 3) .
(a) (b) Fig. 3 Examples of unsuccessful extrusion of the grayish AMS-9 green sheet containing (a) 8 wt. %, (b) 6 wt. % binder
The extrusion of alumina sheet prepared from AMS-9 dough containing 10-12 wt. % binder was performed successfully. The similar results were achieved in the cases of AL-45-M and AL-45 dough but with different amount of water used. However, during the drying stage, the sheet composed of 10 wt. % binder was brittle and cracked as illustrated in Fig. 4 . While the binder of 12 wt. % provided physical bonds strong enough to stick all particles together. Thus, the extruded alumina sheet dried completely without crack and could proceed further to sintering stage. Fig. 4 The brittle and cracked AMS-9 green sheet containing 10 wt. % binder
The effect of water content on the quality of dough is illustrated in Table 2 . It is obviously that in order to obtain the right fluidity and stickiness, the dough must contain water of about 18-20wt. %. The deficiency in water content led to low fluidity thus caused trouble in extrusion and also increased cracking during drying (15) . On the other hand, the dough was too sticky to push through die orifice when the water content exceeded the optimum limit. Too sticky
The effects of particle size of alumina powder on extrusion are shown in Table 1 . The smallest AMS-9 powder (0.4 µm) required higher water content compared to other powders. This can be explained by the particle size distribution of the powders (as shown in Fig. 1 ). Powder with a narrow particle size distribution has an open structure on packing and thus required more liquid in order to make dough having the flow ability. On the other hand, the powder with a broad particle size distribution can be closely pack, therefore required lesser amount of liquid to make them extrude able (12) .
The extruded alumina supports were fired at five different sintering temperatures. The relationship between porosity and sintering temperature of alumina support are shown in Fig. 5 . Porosity decreased with increasing sintering temperature in all cases. The AMS-9 support has the lowest porosity, while the AL-45-M support was denser than AL-45 support at high sintering temperatures because of the narrower particle size distribution. As evidenced in Fig. 6 , the decrease in porosity with high sintering temperature was due to the reduction of the number of pores in support due to densification. However, there was no obvious decrease in pore size; the peak amplitude decreased but retained the same shape. So, the total pore volume per unit weight of support decreased. Figure 7 illustrated the microstructures of sintered alumina supports. It can be observed that the small particles disappeared and the large ones connected with each other at high temperature. The microstructure of support sintered at 1550ºC was denser than sintered at 1350ºC. The grain growth occurred with the average grain size of 1.1 µm. From Fig. 8 , the grain size of AL-45 support slightly increased with increasing sintering temperature from ~ 0.9 µm at 1350ºC to ~ 1.1 µm at 1450ºC and remained quite constant beyond this temperature. The average grain size of AMS-9, AL-45-M, and AL-45 that sintered at 1400°C was 0.7, 0.9, and 1.0 µm, respectively. Furthermore, all types of support were sintered at 1400°C to study the effect of particle size and distribution of alumina on pore size of sintered support as illustrated in Fig. 9 . AMS-9 support contained smaller pore size than any other supports because of the fine particle size and narrow particle size distribution of starting powder. It was obviously that the mean pore size of the membrane increased with the mean particle size of the starting powder. Besides, the particle size distribution influenced the pore size and distribution of sintered extruded articles as well. AL-45-M powder has narrower particle size distribution than AL-45 powder resulting in narrower pore size distribution of sintered support, even though their particle sizes are pretty closed. Figure 10 showed the different microstructure of these supports sintered at 1400ºC. The average pore size of AMS-9, AL-45-M, and AL-45 was 0.16, 0.37, and 0.39 µm, respectively. The average 4-point bending strength of all supports is presented in Fig. 11 . The average bending strength of AMS-9, AL-45-M, and AL-45 supports sintered at 1400ºC is 61, 34, and 25 MPa, respectively. As expected, the strength increased with sintering temperature. AMS-9 support shows the highest value, 139 MPa at 1550ºC due to the 10 µ m 10 µ m 10 µ m
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Conclusions
Alumina powder is a non-plastic material. The suitable composition of alumina for extrusion depends on the right quantity of binder and water to provide an appropriate level of stickiness and fluidity. In this study, cellulose binder of 12 wt. % (based on dry weight of alumina powder) was found to be a good binder for extrusion without preparing into solution before utilization. The dough containing binder less than 12 wt. % was difficult to extrude passing the die and resulted in brittle sheets after drying. While, the dough containing a large amount of binder was too sticky to handling before and after extrusion. The amount of water is also an important factor for extrusion. The proper amount of water required depends on a particle size of starting alumina powder. The fine particle size and narrow distribution causes an open structure in packing thus high water content in composition is necessary to make dough having the flow ability. The dough containing exceed water is too sticky to extrude; however, the inadequate water content could cause an inability in extrusion. The pore size and distribution and also porosity of sintered alumina supports can be controlled by particle size and its distribution of starting powder and sintering temperature. The smaller particle size and narrower distribution of starting material, the smaller pore size and narrower pore size distribution in the sintered membrane. The pore size of all supports is in the range of micro-porous, ~ 0.05-10 µm. The porosity of sintered membrane decreased with increasing sintering temperature, while pore size changed insignificantly. The bending strength of all supports increased with increasing sintering temperature due to densification at high temperature. Nevertheless, in this work, AL-45 and AL-45-M membrane support provided high mechanical strength along with an effective porosity of ~ 30-40% which yields a good flux in separation process.
